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Experimental 

Crystal data 

[Fe 2 (C 7 H 0 NS 2 )(C 26 H 24 P 2 )(CO) 4 ] 

M, = 797.44 

Triclinic, PI 

a = 11.763 (10) A 

b = 12.402 (12) A 

c = 13.284 (13) A 

a = 84.66 (3)° 

P = 78.19 (3)° 

Data collection 

Oxford Diffraction Xcalibur 

diffractometer 
Absorption correction: multi-scan 

(CrystalClean Rigaku, 2005) 

r mi „ = 0.840, r mai = l.ooo 

Refinement 

R[F 2 > 2o(F 2 )] = 0.069 

wR(F 2 ) = 0.209 

S = 1.07 

8058 reflections 



y = 76.33 (3)° 
V = 1841 (3) A 3 
Z = 2 

Mo Ka radiation 
p = 1.03 mm -1 
T = 294 K 

0.12 x 0.09 x 0.08 mm 



13988 measured reflections 
8063 independent reflections 
4461 reflections with / > 2a(I) 
R:„, = 0.046 



433 parameters 

H-atom parameters constrained 
A/w = 0.73 e A~ 3 
Ap mi „ = -0.66 e A~ 3 



Key indicators: single-crystal X-ray study; T = 294 K; mean ct(C-C) = 0.010 A; 
R factor = 0.069; wR factor = 0.209; data-to-parameter ratio = 18.6. 



In the title compound, [Fe 2 (C 7 H 13 NS 2 )(C 26 H 2 4P 2 )(CO) 4 ], the 
Fe 2 S 2 core exhibits a butterfly-like shape, with two S atoms 
bridging the Fe-Fe dumbbell. Each of the two Fe atoms 
exhibits a distorted octahedral environment. One Fe atom is 
additionally bonded to three carbonyl C atoms, whereas the 
other Fe atom is additionally bonded to one carbonyl C atom 
and two P atoms of the chelating dppe [dppe = 1,2- 
bis(diphenylphosphanyl)ethane] ligand. Non-classical intra- 
molecular C— H- ■ -S hydrogen-bonding interactions are 
present in the structure. The packing of adjacent molecules 
along [100] is accomplished mainly through van der Waals 
forces. 



Table 1 

Selected bond lengths (A). 



Fe2-C4 


1.766 (7) 


Fel-C3 


1.786 (6) 


Fe2-Pl 


2.224 (2) 


Fel-Cl 


1.791 (7) 


Fe2-P2 


2.265 (2) 


Fel-C2 


1.814 (7) 


Fe2-Sl 


2.282 (2) 


Fel-Sl 


2.281 (2) 


Fe2-S2 


2.289 (2) 


Fel-S2 


2.286 (2) 


Fe2-Fel 


2.583 (2) 







Table 2 

Hydrogen-bond geometry (A, °). 



D—H- ■ A 



C21-H21-S1 
C27-H27- ■ SI 



D-H 



0.93 
0.93 



H-A 



2.77 
2.84 



D- ■ A 

3.490 (7) 
3.416 (7) 



D-H - A 



135 
122 



Related literature 

For background to Fe-only hydrogenases, see: Darensbourg et 
al. (2000); Lawrence et al. (2001). For synthetic details, see: Li 
& Rauchfuss (2002). 




CH, 



C f ,H, 



Data collection: CrystalClear (Rigaku, 2005); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: WinGX 
(Farrugia, 1999); software used to prepare material for publication: 
publCIF (Westrip, 2010). 

The authors thank the National Natural Science Foundation 
of China (21071145) for financial support. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: WM2535). 
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Acta Cryst. (2011). E67, ml500-ml501 [ doi:10.1107/S1600536811040347 ] 

[l,2-Bis(diphenylphosphanyl)ethane- Jtetracarbonyl-l^C^/cC-^-l-cyclopentyl-l-azapro- 
pane-l,3-dithiolato-l:2A: 4 ^':^')diiron(II)(Fe-Fe) 

Y. Si, H. Chen and C. N. Chen 
Comment 

Hydrogenases are capable of efficiently catalysing the oxidation of molecular hydrogen or its production from protons and 
electrons (Darensbourg et al, 2000; Lawrence et al, 2001). The well-known active sites of intensively studied Fe — Fe 
hydrogenases include Fe2S2 clusters and a cuboidal Fe4S4 unit, with the former playing an important role in the catalytic 
process. 

The title compound is a mimic of the Fe2S2 cluster. As shown in Fig. 1, the two Fe atoms are linked through an Fe — Fe 
single bond and further bridged by two S atoms. Thus a butterfly arrangement is formed, with the dihedral angle between the 
two Fe2S planes being 73.28 (8)° and the average Fe — S bond length 2.285 A. Each Fe atom exhibits a distorted octahedral 
environment. Atom Fel is bonded to three carbonyl C atoms, whereas atom Fe2 is bonded to one carbonyl C atom and 
two P atoms of the chelating dppe [dppe = l,2-bis(diphenylphosphanyl)ethane] ligand. Notably, the P atoms of dppe have 
substituted two carbonyl C atoms at Fe2, with one P atom in apical position and the other in basal position. Because the 
Fe-Fe dumbbell is asymetrically substituted, there is an obvious difference among Fe — C bond lengths (Table 1 ; average 
value 1.79 A). The Fe2 — P2 bond is 0.04 A longer than the Fe2 — PI bond due to steric effects, and the average Fe — P 
bond length is 2.25 A. The P— Fe— P angle [88.10 (7)°] is much smaller than the mean C— Fe— C bond angle [97 (5)°], 
because of the rigidity of the dppe ligand. Non-classical intramolecular C — H---S hydrogen bonding interactions (Table 2) 
are present in the structure. 

The packing diagram is shown in Fig. 2. The packing of adjacent molecules along [100] is accomplished mainly through 
van der Waals forces. 

Experimental 

The synthesis of the title compound was carried out under an dry, purified, oxygen-free nitrogen atmosphere using standard 
Schlenk techniques. Solvents, such as THF and hexane, were dried according to standard methods. Commercially available 
products, like paraformaldehyde, [Fe(CO)s], LiBEt3H, F3CCOOH, dppe and C5H9NH2 were of reagent grade and used 
as received. The starting material [Fe2(SH)2(CO)6] was prepared as documented. The title compound was prepared by a 
condensation of Fe2(SH)2(CO)6 with formaldehyde in the presence of cyclop enty ami e (Li & Rauchfuss, 2002), followed 
by substitution of carbonyls by dppe (l,2-bis(diphenylphosphanyl)ethane). 

[Fe2S2(CO)6] (1 mmol, 0.344 g) was dissolved in dry THF (40 ml) under a nitrogen atmosphere and then cooled to 195 K 
with acetone and liquid nitrogen. After the solution was stirred for 30 minutes, LiBEt3H (2 mmol) was added dropwise very 
slowly. At the midpoint of the addition, the color of the reaction mixture turned from red to dark green; for the rest of addition 
it remained green. After another 30 minutes, F3CCOOH (2 mmol, 0. 149 ml) was added. The new mixture was stirred for an 
additional hour. The cool solution was added to a mixture of paraformaldehyde (40 mmol, 1.2 g) and C5H9NH2 (1 mmol) 
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in THF which had been stirred for 10 h and cooled to 273 K. The last mixture was stirred for 24 h and the majority of the 
solvent was evaporated under vacuum. The remaining residual was filtered through silica gel. A red fraction was collected 
by elution with hexane. 1 mmol (excess) dppe was added to the red fraction, and the solution gradually became purple, after 
which the solution was stirred for another 3 h. Recrystallization of the crude purple product from freshly distilled pentane 
in a refridgerator at 253 K for several days produced crystals in moderate yield (-60%) suitable for X-ray crystallography. 

Refinement 

Hydrogen atoms were placed at idealized positions and allowed to ride on their parent atoms, with CH2 and CH3 bonds set 
equal to 0.97 and 0.96 A, respectively. For all H atoms, (7i S0 (H) = 1.2(7 e q(C). The highest residual peak was located at 0.06 
AfromFe2. Reflections 111, 110, 0T1, 011, and 101 were affected by the beam stop and were omitted from the refinement. 



Figures 




Fig. 1. The molecular structure of the title compound, with atom labels and 20% probability 
displacement ellipsoids for all non-H atoms. 



Fig. 2. The packing diagram of the title compound, viewed down the a axis. 



[1 ,2-Bis(diphenylphosphanyl)ethane-2K 2 P,P']tetracarbonyl- 1 K 3 C,2KC-(u-3-cyclopentyl-2-azapropane-1 ,3-dithi 
olato- I^K^S'^S'JdiironaiKFe— Fe) 



Crystal data 

[Fe 2 (C 7 H 13 NS 2 )(C 26 H 2 4P2)(CO)4] 

M,.= 797.44 

Triclinic, PI 

Hall symbol: -P 1 

a = 11.763 (10) A 

b= 12.402 (12) A 

c= 13.284 (13) A 

a = 84.66 (3)° 



Z = 2 

F(000) = 824 

D x = 1.438 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 3975 reflections 

6 = 2.7-27.2° 

|i = 1 .03 mm 1 
T=294K 
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(3 = 78.19 (3)° Prism, dark red 

y= 76.33 (3)° 0.12 x 0.09 x 0.08 mm 

V= 1841 (3) A 3 



Data collection 



Oxford Diffraction Xcalibur 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 28.5714 pixels mm" 1 
co and cp scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2005) 

r min = 0.840, r max = l.ooo 

13988 measured reflections 



8063 independent reflections 
446 1 reflections with / > 2o(I) 



0.046 



Qmax 27.2°, 6 m in 2.2° 

£ = -14^15 
£ = -13^15 
/= 17^17 



Refinement 

2 Primary atom site location: structure-invariant direct 

Refinement on F methods 

Least-squares matrix: full Secondary atom site location: difference Fourier map 

, , Hydrogen site location: inferred from neighbouring 

R[F 2 >2c(F 2 )] = 0.069 ^ B 

wR(F 2 ) = 0.209 H-atom parameters constrained 

_ i Q7 w = l/[a 2 (F 0 2 ) + (0.0941P) 2 + 0.4758P] 

where P = (F 0 2 + 2F c 2 )/3 

805 8 reflections (A/o) max < 0 .00 1 

433 parameters Ap max = 0.73 e A~ 3 

0 restraints Ap min = -0.66 e A~ 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al R-factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2sigma(F ) is used only for calculat- 

2 

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 

x y z U iso */U e0l 

Fe2 0.41292 (7) 0.25705 (6) 0.22097 (6) 0.0369 (2) 

Fel 0.31542 (7) 0.22815 (6) 0.07103 (6) 0.0414 (2) 
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Geometric parameters (A, °) 
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C6 — H6B 
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1 TA A 
120.0 


Ml P/C CT 

JN 1 — C6 — i>2 


1 1 a a t a\ 
1 14.6 (4) 


TvT 1 P/C TT£ A 

N 1 — C6 — H6A 


1 AO £. 

108.6 


S2— C6— H6A 


108.6 


Nl— C6— H6B 


108.6 


S2— C6— H6B 


108.6 


H6A— C6— H6B 


107.6 


C15— C14— C19 


118.7 (6) 
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C4 — r eZ — r e 1 


1U 1 .5 yl) 


r 1 — reZ — rel 


1 c*7 m 

1 J /.U3 (o) 


rZ — reZ — rel 


lUo.lU (o) 


bl — reZ — rel 


CC CI 

JJ.Jl (OJ 


bZ — reZ — rel 


CC C7 /"7\ 

55.57 (7) 


C3 — rel — CI 


y 1 A {3 ) 


C3 — rel — CZ 


Q1 H (1\ 

91.7 (3) 


P| T7 1 PT 

C 1 — r e 1 — CZ 


1 m c 
1U2.5 (3 ) 


PI T7„ 1 C 1 

C3 — rel — bl 


OO "7 
66. / (2) 


P 1 T7,t 1 C 1 

CI — rel — M 


1 a 1 a 
lUl.y (2) 


PT T7„ 1 C 1 

CZ — rel — bl 


ICC 1 

155.3 (I) 


PI T7,t 1 CO 

C3 — rel — bZ 


155.3 (1) 


P 1 T7,t 1 C T 

CI — rel — bZ 


1U3.V (2) 


cz — rel — bz 


a /.a (2) 


CI T7 a 1 CO 

bl — rel — bZ 


DO Qt /Q\ 


PI C1 TT^.T 

C3 — rel — reZ 


1U3.2 (z) 


CI — rel — reZ 


146.4 (2) 


PI T7„1 XT^T 

CZ — rel — reZ 


1UU.5 (2) 


bl — rel — rez 


CC Cl (&\ 
55.53 (b) 


CO C„ 1 IT , » ~) 

bZ — rel — reZ 


cc /;"7 /c\ 
55.0 / (p) 


Co — bZ — rel 


luy.u (2 ) 


P/T CO T7a'> 

Co — bz — r ez 


1 1 /I Q7 (\ Q\ 

1 14. y / (,iyj 


rel — bz — r ez 


06. /O (0 ) 


pta n i p i /i 
CZU — r 1 — C14 


iai n \ 

lui.y (j) 


Pin to i pit 
CZU — rl — CI J 


1UU.5 (3) 


pi i n i p n 
C14 — r 1 — C13 


1U3.1 (3) 


Pin r> 1 FT,.") 

CZU — r 1 — reZ 


1 a/; / 1 A\ 

123. Uo (iy) 


p 1 /] T> 1 FT,.") 

C14 — r 1 — reZ 


liy.4 (2) 


C13 — r 1 — reZ 


1 AC "7 

1U5. / (2) 


PC CI T7 a 1 

CD — bl — rel 


i iu.y (2j 


PC C 1 IT 

CD — bl — r eZ 


1 1 1 C 1 A\ 

112.53 (iy) 


rel — bl — reZ 


/;o a/; 

06. yo (/) 


pii m pn 
C1Z — rZ — C3Z 


1 AC C I1\ 

1U5.5 (3) 


C1Z — rZ — CZo 


1 A A *°i f1\ 

1UU.2 (i) 


pit r>"> n/: 
C3Z — rZ — CZo 


1 AT C 

1U2.5 (3) 


ciz — rZ — rez 


1 a/; o 
lUo.y (2 ) 


C3Z — rZ — rez 


112. / (2j 


CZo — rZ — reZ 


12o.y (2) 


p/ XT 1 PC 

Co — IN 1 — Cj 


1 1 A 1 fA\ 

lit). 3 (4) 


{ • A \T 1 P*7 

Co — IN 1 — C/ 


1 1 "1 1 1 A \ 

112.1 (4) 


pc mi n 
Cj — IN 1 — C / 


1 1 A 1 1 A \ 

11U.1 (4) 


XT 1 PC C 1 

IN 1 — Cj — bl 


1 1 1 .5 (4) 


XT 1 PC 1 IT A 

IN 1 — C J — riJA 


1 AO A 
1U6.U 


SI— C5— H5A 


108.0 


Nl— C5— H5B 


108.0 


SI— C5— H5B 


108.0 


H5A— C5— H5B 


107.2 


C20— C21— C22 


120.7 (6) 


C20— C21— H21 


119.6 



P1C p i a ry 1 

Cl J — C14 — r 1 


1 1 0 1 /c\ 
116.3 (5) 


pin p> i a r> i 
CIV — C14 — r 1 


1 n a /c\ 
123. U (5) 


PT1 pil PT| 

CZ3 — CZZ — CZ 1 


1 i/i /i //;\ 
12U.4 (0) 


p~) 7 PT> 1 1 "> "> 

CZ3 — CZZ — rlZZ 


1 1 Q Q 

iiy.6 


PTI PT> TTT> 

CZ 1 — CZZ — rlZZ 


1 1 A O 

ny.6 


PT) PT1 P1/| 

CZZ — CZ3 — CZ4 


1 1 A 1 

ny.i (0) 


PTT PT1 I m 

CZZ — CZ3 — rlZ3 


1 1/1 A 

12U.4 


Pi/i pti i m 
CZ4 — CZ 3 — rlZ 3 


1 1/1 A 

12U.4 


P*7 PO Pfl 

c / — Co — cy 


1 AT "7 /C\ 

102. / (5) 


P*7 PO lit) A 

C / — Co — rloA 


HIT 

1 1 1.2 


/-in no t to A 

C9 — Co — HoA 


111.2 


C / — Co — Hori 


1111 
111.2 


p pi po [ion 

Cy — Co — rloB 


iiii 
1 1 1.2 


110 * po lion 
rloA — Co — rloB 


1 AA 1 

luy.i 


p-> C PT/1 PTl 

CZj — CZ4 — CZ3 


111 "1 //r\ 

121 .2 (0) 


PTC PO /] 1 1 -> 1 

CZj — CZ4 — rlZ4 


1 1 n a 

ny.4 


POI riT/l TTT/1 

CZ3 — CZ4 — HZ4 


119.4 


A1 pi T7„ 1 

Ul — Cl — rel 


1 "7"7 O { £\ 

1 / /.6 (0) 


PI PI 17^1 

U3 — C3 — rel 


1 "70 "7 f£\ 

1 /6. / (0) 


pn no 
Cl3 — CIZ — FZ 


1 1 A H i A\ 

110.7 (4) 


pn pn unA 
C 1 3 — C I Z — rl I Z A 


1 AA C 

iuy.5 


r)~> PIT UI1A 

r Z — C 1 Z — rl 1 ZA 


1 AA C 

iuy.5 


pn pn T_jnr> 
C13 — CIZ — rllZB 


1 AA C 

iuy.5 


r>-> PIT Til ~) O 

r Z — C 1 Z — rl 1 Zr3 


1 AA C 

iuy.5 


un a pn 111 "> id 
rl 1 ZA — C 1 Z — rl 1 Zr3 


1 AO 1 

1U6.1 


pi/i pin pio 

ci4 — ciy — cio 


ny.2 (/) 


pi /i pn 1 1 1 n 

c 1 4 — c 1 y — ri 1 y 


1 1 A A 

12U.4 


pio pm 1 1 1 n 

cio — ciy — riiy 


1 1A A 

12U.4 


pi/i pi 1 pn 
C34 — C 3 3 — C 3 Z 


1 11 A /"7\ 

122.U (/) 


pi ,/| PH T-JH 

C34 — C 3 3 — rl 3 3 


1 1 Q A 

ny.u 


pn pn un 
C3Z — C33 — rl33 


1 1 A A 

1 ly.u 


pn pio pin 

ci / — cio — ciy 


1 1A C /"7\ 

12U.5 (/) 


pn pio mo 
C 1 / — C 1 0 — rl 1 0 


urn 

iiy./ 


Pin pio t_tio 

c 1 y — C 1 0 — rl 1 0 


1 1 A "7 

ny./ 


Pi/; pq 1 pm 
CZo — C31 — C3U 


1 1 A O f£\ 

12U.6 (0) 


PO/ p-1 1 TJi 1 

CZo — C3 1 — rl3 1 


1 1 A C 

iiy.o 


pm po 1 ul 1 
C3U — C3 1 — rl3 1 


1 in ^ 

iiy.o 


Pi/' pn pn 
C3o — C3 / — C3Z 


122.0 (/) 


Pi,' pn un 
C3o — C3 / — rl3 / 


1 1 O "7 

116./ 


pn pn un 
C3Z — C3 / — rl3 / 


1 1 O "7 

116./ 


pn pn Tji 
CIZ — C13 — rl 


1 f\H 1 i A \ 

10/. 3 (4) 


pn pn 111 1 a 
C 1 Z — C 1 3 — rl 1 3 A 


1 1 A 1 

1 1U.3 


r> 1 pn t_jiia 
r 1 — C 1 3 — rl 1 3 A 


1 1 A 1 

1 1U.3 


C12— C13— H13B 


110.3 


PI— C13— H13B 


110.3 


H13A— C13— H13B 


108.5 


C14— C15— C16 


121.0 (7) 


C14— C15— H15 


119.5 


C16— C15— H15 


119.5 
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ni uoi 
C22 — C21 — H21 


i iy.o 


mi p~7 f^o 
JN 1 — C/ — Co 


||/| f /C\ 

114.!) p) 


\TI /-i -7 /"ill 

JN 1 — C/ — Cll 


llz.D P) 


PQ p-7 p| | 

Co — C / — C 1 1 


1 A£ 1 /C \ 

lUo.l ( j) 


mi r~"i 1 1 "7 
JN 1 — C / — hi / 


1 A*7 O 
1U /.O 


po CI I 1 "7 

Co — C / — H / 


1 A*7 0 
1U /.O 


pi i /-i -7 in 
CI 1 — C/ — rl/ 


1 a*7 o 
1U /.O 


C3 1 — C2o — Cz / 


110/1 /X\ 

1 lo.4 (o J 


p-> i pi/ rn 

C3 1 — Czo — rZ 


1 T» 1 /C\ 

122.2 (j) 


pi -7 P ") /I r>"> 

Cz / — Czo — rZ 


1 1 n /i /c\ 
liy.4 (DJ 


PTI P1A PTC 

Cz 1 — CzU — C2j 


1 1 O /l 

118.4 (o) 


piTi pia ni 

Czl — CzU — rl 


in 1 //I \ 
121.1 (4) 


p^r P1A r» 1 

C25 — CzU — PI 


1 in a //i \ 
12U.4 (4) 


Pin p 1 1 p*7 

C1U — Cll — c/ 


1 A/1 £ /C\ 

1U4.0 {D) 


Pin pii it i i a 
C1U — Cll — HI 1A 


llU.o 


p-7 p 1 1 TJ11 A 

C/ — Cll — H11A 


1 1U.0 


Pin pii iii i n 
C1U — Cll — rll IB 


1 in o 
llU.o 


p-7 PII III IT) 

C/ — Cll — HUB 


llU.o 


I I | 1 A P 1 1 TT 1 1 D 

HI 1 A — CI 1 — HI IB 


ino n 

iuo.y 


pto pon pi pi 
Czo — Czy — C3U 


liy. / (o) 


pig pm 1 1 ">n 

Czo — Czy — Hzy 


1 in 1 
12U.1 


pi pi pin it on 

C3U — Czy — Hzy 


i in i 
12U.1 


p.") pi T7„1 

(Jz — Cz — r e 1 


i /y.o ( /) 


P~) /C PT7 PTO 

Czo — Cz / — Czo 


1 in £ 
12U.0 (0) 


p-> /. pi -7 i ni 

Czo — Cz / — HZ / 


1 1 n *7 

i iy. / 


PTO PT7 im 

Czo — Cz / — Hz / 


ny. / 


P7Q C1R Cll 

V — / V. O V^Z, / 


1ZU.H ^O ^ 


C29 — C28 — H28 


119.8 


C27 — C28 — H28 


119.8 


C37 — C32 — C33 


116.8 (6) 


C37 — C32 — P2 


119.0 (5) 


C33 — C32 — P2 


124.2 (5) 


P/1 c . r~ | PI 

C4 — reZ — rel — C3 


-1U2.4 (3) 


PI — reZ — rel — C3 


| 1 O A P1\ 

11 0.4 (2) 


t>t IT . . T r~ i PI 

P Z — r eZ — r e 1 — C3 


-7.8 (2) 


C1 IT . . T IT . , 1 PI 

M — reZ — rel — C3 


^n a /">\ 
/y.U (2) 


bz — r el — r e 1 — C 3 


— 1 /4.3 (2 J 


P/1 IT ,.T TT~1 P 1 

C4 — r eZ — r e 1 — C 1 


no i /-i \ 
12o.3 (4) 


T>1 C T T?„1 P1 

Pi — reZ — rel — Cl 


1 a n f a \ 
-lU.y (4) 


TJT c . . "> IT . , 1 pi 

PZ — r eZ — r e 1 — C 1 


-13 / .I (4) 


C 1 C.T TT~ 1 P 1 

M — reZ — rel — Cl 


CA 1 ( A\ 

— jU.3 (4) 


CO TToT T7 a 1 PI 

bz — r el — r e 1 — C 1 


JO. 4 (4 J 


P/1 c . ."> IT . , 1 pt 

C4 — r el — r e 1 — Cz 


-8.1 (3) 


Til 1" T l~ 1 PT 

PI — rez — rel — Cz 


1 /i h i ^ 

—147.3 (3) 


P2— Fe2— Fel— C2 


86.5 (2) 


SI— Fe2— Fel— C2 


173.3 (2) 


S2— Fe2— Fel— C2 


-80.0 (2) 


C4— Fe2— Fel— SI 


178.6 (2) 


PI— Fe2— Fel— SI 


39.43 (14) 



CZ9 — C30 — C3 1 


1 TP 1 i £\ 

1ZU.1 (0) 


pin r^irt um 
CZ9 — C3U — H3U 


1 TP P 

1ZU.U 


C31 — C3U — H3U 


1 TP P 

1ZU.U 


C9 — C 1 0 — C 1 1 


i a/; o f£\ 
lUo.o (0) 


C9 — C 1 U — ti 1 UA 


i i p /l 
1 1U.4 


pi 1 pin n|(i* 

Cll — C1U — rilUA 


1 1 p ^i 
1 1U.4 


pn pin U1AD 

C9 — C 1 U — ti 1 Urs 


1 1 P A 

1 1U.4 


pii pin rjinn 

Cll — C1U — riluts 


1 1 P A 

1 1U.4 


U1/1A pin tt i (in 

ti 1 UA — C 1 U — ti 1 Uti 


1 PO £. 
IUO.0 


p 1 A pn po 

C1U — C9 — Co 


1 PI 1 { £\ 

1U3.3 (0) 


pin po TTQ A 

c i u — cy — riy a 


111 1 
111.1 


po pn urn a 
Co — C9 — H9A 


111 1 
111.1 


p 1 Pi pn Tjrnt) 
C 1 0 — C9 — rl9 is 


111 1 
111.1 


po pn TjnD 

ca — cy — riyts 


111 1 
111.1 


urn a pn TjnD 

riy a — cy — riy is 


1 pn 1 

iuy.1 


pio pn pi/; 
C 1 0 — C 1 / — C 1 0 


1 TP c 

1ZU.5 (/) 


PIO PIT TJTIT 

C 1 0 — C 1 / — ti 1 / 


1 1 n t 

ny./ 


pu pn un 
ClO — CI / — til 1 


1 1 n t 

ny./ 


pn pi<r pii: 
C3 / — C3o — C3D 


1 i o t ln\ 
llo.Z {/) 


pn pit 1 1 o 
C3 / — C3o — tiib 


1 tp n 

izu.y 


pir pit I I O /- 

C35 — C3o — ri3o 


1 tp n 

izu.y 


pic pti pn 
C35 — C34 — C33 


1 1 n a /t\ 

ny.4 {/) 


pi^: PI/1 TTQ a 

C35 — C34 — H34 


1 TP 1 

1ZU.3 


pn pn un 
C33 — C34 — H34 


1 TP 1 

1ZU.3 


Pl/t pic pit 

C34 — C35 — C3o 


1 T 1 P 
1Z1.U (/) 


C34— C35— H35 


119.5 


C36— C35— H35 


119.5 


C17 — C16 — C15 


120.0 (8) 


C17 — C16 — H16 


120.0 


C15 — C16 — H16 


120.0 


04 — C4 — Fe2 


176.2 (6) 


bl — r e2 — rl — C32 


1 A A /I /">\ 

— 14U.4 (2 ) 


CI T7a1 D') pn 

b2 — r e2 — r2 — C32 


— j3.o (3 J 


17^.1 tt , « i r>"> pn 
rel — re2 — r2 — C32 


Q/1 C /">\ 

— o4.j (2) 


p /i rr , »"> r>"> p "> 
C4 — r e2 — r2 — C2o 


1 CA £ (1 \ 

IjU.o yp) 


n i r ."> ni pi/, 
r 1 — r e2 — r 2 — C2o 


lion (i\ 

— i lo.y p ) 


c 1 ci m p~>/: 
bl — r e2 — r2 — C2o 


-13.2 (3) 


b2 — r e2 — r2 — C2o 


1 i. 1 (3) 


rel — r e2 — r 2 — C2 o 


/it o n\ 
4Z.0 (i) 


p /; Ml PC ci 

Co — JN 1 — CD — o 1 


-DD.U (D) 


p-7 M1 pc ci 

C / — JN 1 — Cj — b 1 


1 /:n o i a \ 
loy.O (4) 


T7,t 1 C 1 PC M 1 

rel — ol — CD — JN 1 


/:t t l a \ 
0 /.I (4) 


i - " -> o 1 PC M1 

r e2 — S 1 — C5 — N 1 


-7.9 (5) 


C6— Nl— C7— C8 


49.3 (7) 


C5— Nl— C7— C8 


172.5 (5) 


C6— Nl— C7— Cll 


170.6 (5) 


C5— Nl— C7— Cll 


-66.2 (6) 


C12— P2— C26— C31 


104.1 (6) 
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DO EV-.0 T7,, 1 c| 

r Z — r eZ — r e 1 — b 1 


Q/Z "7*7 

—50. / / [y) 


C3Z — rZ — CZo — C3 1 


A C ( £\ 

-4.5 (6) 


CI CO C, 1 C 1 

bZ — r ez — r e 1 — b 1 


1 f\£. *70 

lUo. 11 [y) 


r eZ — rZ — CZo — C3 1 


1 1 c o /c\ 
— 133. / (3J 


pi a c~o ci 
C4 — r eZ — r e 1 — bZ 


oi n /o\ 

71.9 (2) 


do t~"t/z no 
C1Z — rZ — CZO — CZ / 


Ol C (C\ 

-/3.3 (0J 


r> 1 CO C— 1 ci 

r 1 — reZ — rel — bZ 


&H on ( A c\ 
— O/.Zy (13) 


C3Z — rZ — CZo — CZ / 


1 OO A /C\ 

1 1 1 .y (3J 


no rr, x -> T7 _ i co 
rZ — r eZ — r e 1 — bZ 


1 cn /*7\ 
100. 3U ( 1) 


reZ — rZ — CZO — CZ / 


/I O (£ \ 

40. / (0J 


ri 17.") T7 a 1 CO 

M — reZ — rel — bZ 


1 / l/i TO /Tl\ 

— 1U0. 11 \y) 


no ni non rioc 

CZZ — CZ 1 — CZU — CZ3 


O A / A\ 

2.0 (9) 


p-} C~1 CI ( ' ^ 

C3 — r e 1 — bZ — Co 


1 O C A (£\ 

1Z3.4 (0) 


roo n i /-"in di 
CZZ — CZ 1 — CZU — r 1 


1 n A A /c\ 
-i /4.y (3J 


pi T7 a 1 CO P/C 

C 1 — r e 1 — bZ — CO 


-43.1 (3) 


i a T>1 pon poi 

C 1 4 — r 1 — CZU — CZ 1 


1 1 / CA 

— 100. 1 (3 J 


p-> C1 CO / 

CZ — r e 1 — bZ — CO 


i /if c /n \ 

143.3 (3) 


r^M di nn roi 
C 1 3 — r 1 — CZU — CZ 1 


OO A /C\ 

87.9 (5) 


c 1 tr . i co / 
b 1 — r e 1 — bZ — Co 


C*7 C ZO\ 

3 / .3 (Z) 


r eZ — r 1 — CZU — CZ 1 


OO O (£S\ 

— Zo. / (0J 


TT,-.0 C1 CO ( ' ^ 

r eZ — r el — bZ — Co 


1 1 A O /0\ 

1 1U.Z (Z) 


/~i i /i r> i pm roc 
C 1 4 — r 1 — C Z U — CZ 3 


1 O A ( C\ 

1 /.U (0J 


p -J I?,, 1 CO CO 

C3 — r e 1 — bZ — r eZ 


1 C O f£\ 

15.2 (5) 


r n di pon roc 
C 1 3 — r 1 — CZU — CZ3 


OO A /C\ 

— oo. y (3j 


p i i co co 
C 1 — r e 1 — bZ — r eZ 


1 CO i /o\ 

— 133.3 (Z) 


rr , x -> t>i roA roc 
r eZ — r 1 — CZU — CZ3 


1 C/1 A (A \ 

134.4 (4J 


PO T7 _ 1 CO CO 

CZ — r e 1 — bZ — r eZ 


1 f\A 1 ZO\ 

1U4.3 (Z) 


xt 1 r*7 rii riA 
JN 1 — C/ — CI 1 — C1U 


11/1 1 (£L\ 

-134.1 (0J 


CI C1 CO CO 

M — rel — bZ — reZ 


CO "71 

— 3Z. /I (3) 


ro r*7 ni pin 
Co — C / — C 1 1 — C 1 U 


o o (n\ 

-8.2 (7) 


P/i CO CO / 

C4 — r eZ — bZ — Co 


\ A1 O /I \ 

143. o (3) 


ri 1 pi/: ro*7 poo 
C3 1 — CZO — CZ / — CZo 


O A ((W 

2.4 (9) 


t>i co co / 
r 1 — r eZ — bZ — Co 


rr 1 /o\ 
33.1 (Z) 


do pi/: roo roo 
rZ — CZO — CZ / — CZo 


1 OA A /C\ 

-i /y.y (3j 


T>o co co / 

rZ — r eZ — bZ — Co 


no c /o\ 
— 135.0 (3) 


ron roA roo roo 
C3U — CZy — CZo — CZ / 


A C ( 1 A\ 

-U.3 (1UJ 


CI T7 a O CO / 

b 1 — r eZ — bZ — CO 


AQ 1 

— 4y.i (zj 


ro/; p 0-7 roc roo 

czo — cz / — czo — czy 


A C (\ (\\ 

— U.3 (1UJ 


T7„ 1 CO CO ( ' 

rel — r eZ — bZ — Co 


1 A 1 Q ZO\ 
— 1U1 .5 (Z) 


rio do rio pio 
C1Z — rZ — C3Z — C3 / 


1 OA /I /C\ 

1 /U.4 (3J 


r/1 17 cO CO T7 c 1 

C4 — r ez — bZ — r e 1 


11/1/1 /^o\ 

— 1 14.4 (ZJ 


ro£ do rio rn 
CZO — rZ — C3Z — C3 / 


OC 1 /C\ 

— 03. 1 (3 J 


r> i CO CO T?„ 1 

r 1 — r eZ — bZ — r e 1 


1 r/- A| 

i30.yi (0) 


tt^.0 do pi o r i n 
reZ — VI — C3Z — C3 / 


C/1 o /c\ 

34. Z (3J 


DO T7aO CO TT/d 

r z — r ez — bZ — r e 1 


— 30. oZ (1 1) 


r i o t>o rio rii 
C1Z — rZ — C3Z — C33 


—0.4 (0J 


CI CO CO C1 

b 1 — r eZ — bZ — r e 1 


CO "71 (H\ 

3Z. /I (/) 


pi/: r»o no rii 
CZO — r Z — C 3 Z — C 3 3 


AO A (£\ 

yo.u (oj 


r/i tt/oO di nn 
C4 — r eZ — r 1 — CZU 


1 "70 1 /"3\ 
— 1 /O.l (3 J 


T7aO do ri o rii 
r eZ — r Z — C3 Z — C 3 3 
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in n /o\ 

37.7 (2) 


ni di pi /i nc 
C 1 3 — r 1 — C 1 4 — C 1 3 


-loo. y (oj 


T7ta1 T7aO DI r 1 /I 

rel — r ez — r l — c 1 4 


qo n fi \ 
93.7 (3) 


T7aO D1 n a r 1 c 

r eZ — r 1 — C 1 4 — C 1 3 


ca o cn\ 
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175.4 (5) 


C2— Fel— SI— Fe2 


-15.9 (5) 


C37— C32— C33— C34 


1.3 (10) 


S2— Fel— SI— Fe2 


52.84 (6) 


P2— C32— C33— C34 


178.2 (6) 


C4— Fe2— SI— C5 


100.3 (7) 


C14— C19— C18— C17 


0.5 (11) 
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T>1 T?~T CI /^C 

r 1 — r ez — a 1 — L3 


— OU.3 (Z) 


CZ / — CZo — C3 1 — C3U 


—3.3 (10) 
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C33 — C3Z — C3 / — C3o 


— 1.0 (10) 


rel — rez — al — Lj 


1U4. / yl) 
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Hydrogen-bond geometry (A, °) 



D—H-A 
C21— H21-S1 
C27— H27-S1 



D — H 

0.93 

0.93 



2.77 
2.84 



D-A 
3.490 (7) 
3.416 (7) 



D—H-A 

135 

122 
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